Objectives: Reliable data about antibiotic utilization in the large pharmaceutical market of the world's most populous country, the People's Republic of China, are in short supply. Although many primary studies have investigated the use of antibiotics in China, most of the relevant studies were published in the Chinese language. This systematic review aims to summarize reported percentages of outpatient encounters resulting in the prescription of antibiotics in China.
Introduction
Resistance to antibiotics is a growing public health problem, 1 -3 leading to a delay in the administration of effective therapy, increased costs, morbidity and mortality. 4 The widespread inappropriate use of antibiotics is considered as one of the important causes of the development of antibiotic resistance.
5 -9 A crucial strategy to control antibiotic resistance is to reduce the excessive and inappropriate use of antibiotics in practice.
The percentage use of antibiotics has been employed as a key indicator for assessing whether the use of antibiotics is likely appropriate. 10 Since the 1980s, there have been many studies of the use of antibiotics in practice. The WHO systematically reviewed information on the use of antibiotics gathered from different countries in 1988, 2004 and 2011. 11 -13 Because the use of antibiotics may be more problematic in developing countries, WHO published a book entitled Medicines Use in Primary Care in Developing and Transitional Countries. According to this WHO report, the percentage use of antibiotics was on average up to 40% -50% in developing countries and this range of percentages remained unchanged over time. 14 Although there have been many studies of the use of antibiotics worldwide, available data from studies in China are very limited. 15 The 2004 World Medicines Situation Report pointed out that reliable data about antibiotic utilization in the large pharmaceutical market of the world's most populous country, the People's Republic of China, were in short supply. 12 Recently, the number of published studies of the use of antibiotics in China has greatly increased. However, most of the relevant studies were published in the Chinese language, with only a few published in English. These studies presented high degrees of variability in terms of findings, settings and other study characteristics.
To overcome the perceived shortage of research evidence on the use of antibiotics in China, we conducted a systematic review of studies of the use of antibiotics in China. We summarized the proportion of antibiotic use in outpatients and investigated causes of heterogeneity in findings across individual studies.
Methods
We followed the Meta-analysis of Observational Studies in Epidemiology guidelines to report the present meta-analysis. 16 
Search strategy
To identify relevant studies, we searched five Chinese biomedical databases and PubMed (1946-) Identification of relevant studies was carried out by one researcher and checked by two other researchers. Titles and abstracts yielded by searching bibliographic databases were examined first. Then, the full publications of possibly relevant studies based on titles and abstracts were retrieved and examined for inclusion or exclusion.
Inclusion and exclusion criteria
We included observational studies, published in Chinese or English between 2000 and 1 August 2012, which reported the percentage use of antibiotics in mainland China. For a study to be included, it should have used WHO/International Network for the Rational Use of Drugs (INRUD) methods and followed the guideline recommended by WHO to determine what antimicrobial agents can be counted as antibiotics for prescribing indicators analysis. 17 Percentage use of antibiotics is defined as the percentage of outpatient encounters with antibiotics prescribed. In addition, the study must provide the following information: enrolment time, study site, the total number of sampled outpatient encounters, the number of outpatient encounters with one antibiotic, and the number of outpatient encounters with two antibiotics and with more than two antibiotics. For duplicate publications of the same study, the version published first or published in English was included. Review articles, congress abstracts and data from the regions of China other than the mainland (Taiwan, Hong Kong and Macao) were excluded.
To analyse the overall utilization of antibiotics and minimize potential bias, outpatient encounters must be randomly sampled from clinical departments. Studies of a single clinical department (such as paediatrics or the dental department) were excluded.
Quality assessment of included studies
The methodological quality of the included studies was assessed based on the WHO/INRUD methods. 17 We considered six criteria for quality assessment:
(i) Whether a study defined drugs to be regarded as antibiotics according to WHO/INRUD indicator methodology. (ii) Whether the type of health facility was specified. The prescribing indicators were designed for use in healthcentres, dispensaries or hospital outpatient departments. (iii) Whether the types of included prescribing encounters were defined.
Studies of prescribing indicators should be restricted to a sample of general illness encounters. (iv) Whether data collection methods were described. For example, data may be collected retrospectively or prospectively.
(v) Whether the sample size was adequate. There should be ≥600 outpatient encounters included in an adequate cross-sectional study. (vi) Whether the statistical methods were appropriate according to WHO/ INRUD indicator methodology.
Each criterion was given one point if a study satisfied the WHO's recommendation. Two independent reviewers assessed the quality of the included studies. We considered studies that scored five or higher as 'high quality', scored three or four as 'moderate quality' and scored two or lower as 'low quality'. Quality assessment scores of the included studies are shown in Table S1 (available as Supplementary data at JAC Online).
Data extraction
We extracted the following data from included studies: first author and year of publication, enrolment time, sample size (the number of outpatient encounters), the number of outpatient encounters with one antibiotic, the number of outpatient encounters with two antibiotics and with more than two antibiotics, and study settings, populations and regions. The frequency of each antibiotic category prescribed was also extracted.
Statistical analysis
In developing countries, WHO/INRUD methods were often used to evaluate the situation of medicine use and the percentage use of antibiotics was a key indicator. We adopted this indicator to analyse antibiotic utilization in China. To indicate the extent of the combination of antibiotics, we analysed the proportion of outpatient encounters with one, two and three or more antibiotics prescribed. Subgroup analyses were performed with respect to study period, geographical area, hospital level and study quality. Studies were divided into three geographical regions: eastern, central and western. Chinese hospitals are divided into three levels (level 1, level 2 and level 3 hospitals). Level 3 hospitals are the highest level with the best medical equipment and technology, while level 1 hospitals include community healthcentres and township hospitals. Data analyses were conducted using STATA/IC (version 12.1 for Windows). Meta-analyses were conducted using Freeman-Tukey transformed proportions and the pooled estimates were back-transformed to ordinary proportions. 18 Heterogeneity across the studies was tested using the Q test and I 2 test. The random-effects model was used. Egger's weighted regression methods were used to assess publication bias.
Results
The process of study identification and inclusion is shown in Figure 1 . A total of 2998 articles were identified by literature search. After excluding irrelevant studies based on titles and abstracts, 219 articles were retrieved for detailed full-text evaluation. There were 57 studies, 2 in English and 55 in Chinese, that met the inclusion criteria. The main characteristics of the included studies are shown in Table S2 and Table S3 (both available as Supplementary data at JAC Online). According to quality assessment scores, there were 18 high-quality studies, 33 moderate-quality studies and 6 low-quality studies. Figure 2 shows the percentage use of antibiotics reported in the included studies. The percentage of outpatient encounters resulting in the prescription of antibiotics was on average 50.3% (95% CI: 47.4% -53.1%) ( Table 1) . Of the outpatients prescribed antibiotics in China, 74.0% were prescribed one antibiotic, 23.3% were prescribed two antibiotics and 2.0% were prescribed three or more antibiotics (Table 2) .
Heterogeneity across studies was statistically significant in the overall and subgroup analyses, presented in Table 1 and Table 2 Systematic review (P,0.0001). The funnel plot was statistically significantly asymmetric (Egger's test P ¼0.031) (Figure 3) . The reported proportion of antibiotic use was not associated with the study quality score (data not shown).
In subgroup analyses, the percentage use of antibiotics was observed to vary by hospital level, geographical region and study period (Table 1) . Lower-level hospitals tended to report higher antibiotic utilization than higher-level hospitals, although the differences between hospital levels were not statistically significant. The percentage of outpatient encounters resulting in the prescription of antibiotics was on average 47.1% in level 3 hospitals, 49.2% in level 2 hospitals and 53.4% in level 1 hospitals (Table 1) . Antibiotic utilization in eastern China (47.3%) was lower than that in the western region (57.4%) and central region (50.3%); the difference Title not relevant, n = 721
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Inpatient study, n = 1 Table 1) . The proportion of outpatient encounters with one antibiotic prescribed in eastern China (75.8%) was higher than that in central (74.4%) and western (69.4%) China, while the proportion of outpatient encounters with two antibiotics prescribed was 22.2% in the eastern region, 21.8% in the central region and 26.9% in the western region, although the differences between the regions were statistically non-significant. However, hospitals in the western region reported a significantly higher proportion of outpatients with three or more antibiotics prescribed than hospitals in eastern China (P ¼ 0.03). Level 3 hospitals reported a significantly higher proportion of outpatient encounters with one antibiotic prescribed (P,0.01) and a lower proportion of outpatient encounters with two antibiotics prescribed (P,0.01) than level 1 or level 2 hospitals (Table 2) .
Discussion
Based on data from 57 studies that included a total of 556435 outpatient encounters, this systematic review found that the proportion of antibiotic use in China is high and excessive. More than half of the outpatient visits in China resulted in prescription of antibiotics and a quarter of the outpatient prescriptions of antibiotics contained two or more antibiotics. In addition, hospitals in western China or primary care centres (level 1 hospitals) tend to be associated with higher antibiotic use than hospitals in eastern China and high-level hospitals.
Although an international standard for the percentage use of antibiotics has not been empirically established, WHO recommended that the proportion of antibiotic use should not be .30%. 10 The percentage use of antibiotics in China (50.3%) is much higher than this recommended level and higher than in many other countries. For example, the percentage use of antibiotics was 15.3% in the USA and the average percentage use of antibiotics in developing countries was 40% -50%.
13, 19 The use of antibiotics in China was lower than in some low-and middleincome countries. For example, the percentage of outpatients prescribed antibiotics was 60% -70% in Pakistan, Indonesia and Mozambique.
12 However, the proportion use of antibiotics in China was higher than that in Brazil (40%). 20 As the primary healthcare facilities (community healthcentres and township hospitals) in China cover a large number of patients, the excessive use of antibiotics in primary healthcare causes a waste of health resources and the development of antibiotic resistance. Therefore, it is necessary to take measures to control the overuse of antibiotics in primary healthcare facilities in China.
The excessive utilization of antibiotics may be associated with the training and experiences of doctors and the knowledge and attitude of patients towards antibiotics, as well as financial incentives. Doctors in level 3 hospitals have a higher level of education and better training than those in lower-level hospitals. The improved training could help clinicians recognize the importance of the rational use of antibiotics. 21 -23 The differences in the training of doctors may also explain the observed difference between the regions. Doctors in the eastern region may on average have more training than those in the central and western regions. In addition, the use of antibiotics is influenced by financial incentives. 24, 25 Many One included study (a007-Qiang Sun) was conducted in two different regions, so this study was divided into two different subgroup studies. One included study (a092-Yongbin Li) was conducted in three different periods and was divided into three subgroup studies. See Table S1 (available as Supplementary data at JAC Online).
Systematic review 2449 JAC studies found that economic stimulus may induce doctors to prescribe excessive antibiotics. It is possible that, as compared with doctors in lower-level hospitals and the western region, doctors in level 3 hospitals and prosperous eastern China have relatively high incomes with a reduced need to generate incomes by excessively prescribing antibiotics. The reported percentages of antibiotic utilization in China have been fluctuating over time, which is different from the situation in other developing countries where it remained stable over time. As compared with level 1 and level 2 hospitals, level 3 hospitals were associated with a statistically significantly higher proportion of one antibiotic (P,0.01) and a statistically significantly lower proportion of two antibiotics (P,0.01). The proportion of outpatients prescribed three or more antibiotics by western region hospitals was statistically higher than that by eastern region hospitals (P¼0.03).
a One included study (a092-Yongbin Li), which had three subgroup studies, did not report the number of outpatients with three or more antibiotics. See Table S1 (available as Supplementary data at JAC Online).
Systematic review well-designed research is required to assess the effects of relevant health policies on antibiotic utilization in China.
In the included studies, all prescriptions were collected by random sampling. Compared with other observational studies with a high risk of recall bias and selection bias, the prescription records were more objective, so that the risk of bias in the studies included in this review was relatively low. The studies included in the review used consistent methods to measure antibiotic prescribing.
There were some limitations in this systematic review. The heterogeneity across studies was statistically significant and the available data were insufficient to explain all the observed heterogeneity across studies. Funnel plot asymmetry indicates that the risk of publication bias could not be ruled out. Only two studies of antibiotic utilization in rural areas met the inclusion criteria. The percentage use of antibiotics was 48.4% in one study and 71.3% in the other. 26, 27 Several studies in rural areas were excluded because they failed to meet the WHO/INRUD design criteria. According to the results of these excluded studies, the percentage use of antibiotics in rural areas may be as high as 70%. 28, 29 As there is a rural population of nearly 800 million in China, antibiotic misuse in rural areas may be more serious.
In addition, all the articles included in this review were retrospective studies. Prescribing encounters were sampled by drawing random outpatients from their medicine prescriptions. This study design was established by WHO and used by many developing countries. 30 -33 We consider this retrospective study design may result in overestimation of the percentage use of antibiotics, because outpatients who were not given a prescription were excluded. The overall percentage use of antibiotics was 50.3% in this systematic review. A previous study found that 10% of outpatients were treated without prescription in China. 34 If we enrolled the outpatients not given a prescription, the adjusted percentage use of antibiotics would be 45%, which is still higher than the WHO recommended level. Although there are a few limitations, we believe that this study is important to reveal the antibiotic utilization in China. In order to explore antibiotic utilization more accurately, a prospective study to measure prescribing indicators is needed.
Conclusions
The percentage use of antibiotics in China is much higher than the recommended level. Antibiotic prescribing in China varies across hospital levels and geographical regions. The percentage use of antibiotics in China has been fluctuating over time, which may be associated with changes in national healthcare policies. The impact of the national efforts to control the excessive use of antibiotics needs to be appropriately evaluated.
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